This paper aims to demonstrate a method to assess the classrooms daylighting performance with shaded windows, at the Equator, in hot and humid climate, using a computer simulation program, DAYSIM. The study concerns the city of Natal, Northeast of Brazil, 5º S, on the coastal area, whose principles of passive building design emphasize large and shaded openings to promote natural ventilation and avoid solar thermal gain to achieve thermal comfort. Such strategies also contributes to daylight comfort, promoting adequate diffuse light and avoiding the excess of glare due to the direct daylight. On the contrary, unshaded fenestration may lead the users to close the curtains and turn the electric lights on. The method assesses the daylighting levels for different classroom depths, and the influence of the opening size and external shading performance. The simulated models combined three opening dimensions (20%, 40% and 50% of window-to-wall ratio -WWR), two main façade orientations (North and South), and seven types of shading (horizontal overhang, drop edge overhang, 5º sloped overhang, horizontal overhang with side protection, horizontal overhang with three louvers, double horizontal overhang, double horizontal overhang with three louvers). Analyzes based on the useful daylight illuminance (UDI) index showed limitations due to the occurrence of glare, caused by direct daylight next to the window. Detailed simulations emphasized the influence of the visible sky factor (VSF) and opening size combinations in the daylight performance. Results show that 20%WWR does not cause glare, but the daylight declination occurs significantly at 3.50 m depth. The 40%WWR causes glare in the first row of sensors next to the window, highly reduced with light shelves. Further assessments with 40%WWR and 50% WWR models reduced or eliminated the glare occurrences. The daylight zone of 40%WWR varies between 3.54 m and 4.75 m and the daylight zone of 50%WWR reaches approximately 7.20 m.
Introduction
Daylighting in classrooms can promote overall health and physical development, and save electric energy. Despite the large exterior illuminance level and the frequency and duration of sunlight in Natal, Northeast of Brazil, latitude 5º S, there are no specific recommendations to integrate daylighting in schools. This paper aims to discuss the potentials and the constraints of daylighting in classrooms with windows shading devices, using dynamic computer simulation through DAYSIM.
This study highlights the importance of shading devices and moderate window dimensions because they are very accepted bioclimatic design strategies and they have a high influence on the daylight comfort. Most of the time, the local air temperatures are in the thermal comfort zone or above (Fig. 1) . Therefore, it is necessary to avoid internal gains due to the incidence of solar radiation in any window orientation (Fig. 2) .
Most of the thermal discomfort occurrence can be avoided by using air movement, which influences the design of moderated and large openings to promote natural ventilation. Combined, window size and shading efficiency influence the daylighting performance for different room depths, causing variations on illuminance levels and distribution, and glare. Mardaljevic and Nabil introduced [5] a dynamic daylight performance based on work plane illuminances, which determines when the daylight levels are "useful" "for the occupant, that is neither too dark (100lux) nor too bright (2000lux). The upper threshold is meant to detect occurrences when an oversupply of daylight might lead to visual and thermal discomfort."
Mardaljevic et al.
[2] on their study for daylight metrics in residential buildings suggests that "the occurrences of illuminances greater than 3.000lux (i.e., UDI-e) should not, by design, be eliminated altogether, and that moderate occurrence may in fact be beneficial." However, the "optimum" levels of exposure are not yet known. Meanwhile, the lighting Brazilian standard for work places establish 300lux as a minimum level of illuminance in classrooms [6] .
Therefore, the main goals of this paper are:  Analyzing the influence of the windows shading;  Discussing the dynamic metrics in the daylight evaluation for places with high levels of irradiance;  Assessing relationships between daylight zone depth and window height.
Methodology
The method has two main phases. The first one is exploratory and it assesses the daylighting performance of models with 20%WWR and 40%WWR, North and South façade orientations, and four types of shading devices. Based on the results, the second phase is designed to refine the assessment, specifically for 40%WWR and 50%WWR, North façade orientation and three types of shading devices. The models are simulated with Daysim software, which was chosen due to the dynamic simulation resource, high processing speed, acceptable operationalization, outputs compatible for daylighting metrics processing and assessment [7] . The input data consists of sensor file, material file, climate file, modelling and occupancy profile. The output data are annual illuminance profile, useful daylight illuminance (UDI), daylight autonomy (DA), continuous daylight autonomy (DAcon), maximum daylight autonomy (DAmax), daylight factor (DF), saturation daylight percentage (DSP), annual light exposure, active and passive internal gains. The research used the annual illuminance profile, which is exported to an electronic spreadsheet to quantify the occurrences of useful daylight illuminance between 300lux-2000lux and 300lux-3000lux, as shown in Fig. 3 
Modelling
There are common characteristics among the models. In the absence of a council law or standard, the base case follows the recommendations for schools projects from School Foundation (Fundescola) legislation [8] , including the dimensions: 7.20 m x 7.20 m. Occupants and desks are not modelled. The surface specularity properties adopts the software defaults:
(1) Walls: 88% of reflectivity.
(2) Ceiling: 88% of reflectivity.
(3) Floor: 88% of reflectivity.
(4) Openings: single pane glass with a visible transmittance of 90%.
The period of assessment was for 7 a.m. to 5 p.m. Preliminary studies demonstrated that after the 5 p.m., the illuminance level is too low for this latitude.
The radiance parameter file was the scene 1 described in Daysim Tutorial [9] , as shown in Table 1 .
The climate file was the 2009, due to the available irradiance data.
The daylighting simulations were assessed according to the useful daylight illuminance (UDI) and the illuminance annual profile. The design variables were Window-to-wall ratio (WWR), façade orientation and shading system.
Sensor Point
The sensor points were calculated based on the Brazilian regulation NBR 15215-4 [10], which determines the "K" coefficient according with an Eq.
(1) (calculation of the "K" coefficient): 
Where: L = width of the room. C = Length of the room. H m = The distance in meters between the work plane and the height of the window. The "K" coefficient is determined in Table 2 that will provide the number of the sensors for the room.
The calculated number of sensors was 16 for classroom with 40%WWR and 50%WWR, and 36 sensors for classroom with 20%WWR.
Phase 1 Combinations
The variations are 20%WWR and 40%WWR with shading devices, such as horizontal overhang, 5º sloped overhang, horizontal overhang with side view protection, horizontal overhang with a drop edge, and light shelves in half of the models with 40% WWR, as shown in Figs. 4-11.
Phase 2 Combinations
The models have 40%WWR and 50%WWR and the shading devices are double horizontal overhang, double horizontal overhang with three horizontal louvers, horizontal overhang with three horizontal louvers, and light shelves in half of the models, as shown in Figs. 12-17. The 20% of 9 a.m. to 2 and to 8 a.m side protecti
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